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REMARKS 

The Office Action dated July 11, 2003 presents the examination 
of claims 1-3, 6-7, and 10-19. Claim 19 is allowed. Claim 1 is 
amended. Claim 20 is added. Support for claim 20 is found in the 
subject matter deleted from claim 1. No new matter is inserted into 
the application. 



Markush Group 

The Examiner rejects claims 1, 3, 6, and 11-18 under 
"judicially created doctrine" for reciting an allegedly improper 
Markush group. Applicants respectfully traverse. Reconsideration 
of the claims and withdrawal of the instant rejection are 
respectfully requested. 

The rejection is clearly inproper and must be withdrawn. Under 

MPEP § 803.02, Practice re Markush-Type Claims, it is improper for 

the U.S. Patent and Trademark Office to refuse to examine that which 

an applicant regards as his invention, imless the subject matter in 

a claim lacks unity of invention. In re Weber , 580 F.2d 455 (CCPA 

1978); In re Haas. 580 F.2d 461 (CCPA 1978). Unity of invention 

exists where compounds encompassed by the Markush group (1) share a 

common utility, and (2) share a substantial structural feature 

disclosed as being essential to that utility. U.S. Pat. & Trademark 

Off., Manual Pat. Examining. Proc. § 803.02 (8''*' ed. Rev. 1, 2001). 

10 



Application Number 10/084,095 
In the instant case, the Examiner asserts that there is not a 
common structural feature because "a common nucleus among the 
various derivatives of formula I is absent when a heterocyclic 
moiety is encompassed within the structure." However, the only 
Markush group recited in independent claims 1 and 6 is "known active 
substance having antitumor effect selected from the group consisting 
of pyriraidine derivatives or, optionally, a pharmaceutical ly 
acceptable acid addition salt thereof...." In other words, formula I 
(a hydroximic acid derivative) does not refer to a Markush group. 

The pyrimidine derivatives encompassed by the actual Markush 
group recited in independent claims 1 and 6 satisfy the two-part 
test for unity of invention under MPEP § 803.02 because (1) the 
compounds share the same utility of inhibiting DNA or RNA synthesis 
and/or translation in cancerous cells, and (2) the compounds share 
the structural similarity of a pyrimidine group which functions to 
inhibit the biosynthesis of pyrimidine nucleotides or otherwise 
interfere with the synthesis and/or function of nucleic acids. See, 
the specification on page 7, line 12 to page 18, line 2. 

Thus, the Markush group recited in independent claims 1 and 6 
possesses unity of invention, such that restriction thereof is 
improper. Withdrawal of the instant rejection is respectfully 
requested. 
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Application Number 10/084,095 
Rejection under 35 U.S.C. § 112, second paragraph 

The Examiner rejects claims 1, 3, 6, and 11-18 under 35 U.S.C. 
§ 112, second paragraph for allegedly being indefinite. Applicants 
respectfully traverse. Reconsideration of the claims and withdrawal 
of the instant rejection are respectfully requested. 

Specifically, the Examiner asserts that the recitation of the 
term "preferably" in claim 1 renders claim 1 and claims dependent 
thereon indefinite. In order to overcome this rejection. Applicants 
delete the "preferably" clause from claim 1 and add new claim 20 
directed to the deleted subject matter. Thus, the instant rejection 
is overcome. 

Rejection under 35 U.S.C. § 112, first and second paragraphs 

The Examiner rejects claims 1, 2, and 6 under 35 U.S.C. § 112, 
first and second paragraphs for allegedly lacking enablement and for 
allegedly being indefinite. Applicants respectfully traverse. 
Reconsideration of the claims and withdrawal of the instant 
rejection are respectfully requested. 

Specifically, the Examiner asserts that the scope of the term 

"pyrimidine derivative" cannot be precisely determined. In 

particular, the Examiner asserts that the definition of "pyrimidine 

derivative" covers a vast number of compounds which are not enabled 

by the specification. Applicants respectfully disagree. 
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Contrary to the Examiner's assertions, the term ''pyrimidine 
derivative" is well known in the art such that a limited definition 
thereof in the claim is unnecessary. As evidence thereof, 
Applicants submit pages 1404 to 1408 of Goodman & Gilman's The 
Pharmacological Basis of Therapeutics, 10^^ Ed. (McGraw-Hill, NY) . 
(Attached hereto as Exhibit 1) . On page 1404, the chief 
characteristics of pyrimidine analogs are described. Fluorouracil, 
floxuridine, and idoxuridine are listed as examples of halogenated 
pyrimidines, and cytarabine and gemcitabine are listed on page 
1405. 

Since the term ''pyrimidine derivative" is well known in the 
art, the recitation thereof in the claims is proper under 35 U.S.C. 
§ 112. Withdrawal of the instant rejection is therefore 
respectfully requested. 

Rejection under 35 U.S.C. § 112, first paragraph 

The Examiner rejects claims 1-3, 6, 7, and 10-18 under 35 
U.S.C. § 112, first paragraph for allegedly containing subject 
matter not enabled by the specification. Applicants respectfully 
traverse. Reconsideration of the claims and withdrawal of the 
instant rejection are respectfully requested. 
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Specifically the Examiner asserts that the specification 
enables compound L and f luorouracil, but not any pyrimidine 
derivative and not any hydroximic derivative of formula I. 
Applicants respectfully disagree. 

The Examiner has not established a prima facie case of non- 
enablement. In this regard, enablement is presumed unless the 
Examiner can make a prima facie showing otherwise. In order to 
make a rejection for lack of enablement, the Examiner has the 
initial burden to establish a reasonable basis to question the 
enablement. In re Wright , 999 F.2d 1557 (Fed. Cir. 1993). In 
this case, the Examiner has failed to make any findings of fact or 
present any evidence tending to show that the claimed invention is 
not enabled by the specification. 

Since the Examiner has failed to make a prima facie case of 
non-enablement, the burden has not shifted to Applicants to rebut a 
rejection under 35 U.S.C. § 112, first paragraph. For these 
reasons, the rejection is improper and must be withdrawn. 

Conclusion 

As the above remarks and/or claim amendments fully address, 
overcome, render moot, or otherwise accommodate the outstanding 
rejections in the Office Action, the present application is in 
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condition for allowance. The Examiner is respectfully requested to 
issue a Notice of Allowance indicating that claims 1-3, 6-7, and 
10-20 are allowed. 

Should there be any outstanding matters that need to be 
resolved in the present application, the Examiner is respectfully 
requested to contact Kristi L. Rupert, Ph.D. (Reg. No. 45,702) at 
the telephone number of the undersigned below, to conduct an 
inteirview in an effort to expedite prosecution in connection with 
the present application. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fees 
required under 37 C.F.R. §§ 1.16 or 1.17; particularly, extension 
of time fees. 



Respectfully submitted. 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 



By 




RCS/KLR 
1060-0144P 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 
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SECTION IX CHBIOTMERAPV Of NEOPLASTIC DISLVSES 



tumor regression in osteosarcoma and in combination 
therapy of Icukemias and non-Hodgkin's lymphomas. A 
6- to 72'hour infusion of relatively large amounts of meth- 
otrexate may be employed intermittently (from 250 mg to 
7.5 g/m^ or more), but only when leucovorin rescue is 
used. Such leglmens produce cytotoxic concentrations of 
dnig in the cerebrospinal fluid (CSF) and protect against 
leukemic meningitis. A typical regimen includes the infu- 
sion of methotrexate for 6 hours followed by leucovorin 
at a dose of 15 mg/m^ every 6 hours for seven doses, with 
the goal of rescuing poimal cells and thereby preventing 
toxicity. Other dosage regimens also are used. The admin- 
istration of methotrexate in high dosage has the potential 
for serious toxicity and should be performed only by expe- 
rienced chemotherapists who are able to monitor concen- 
trations of methotrexate in plasma. If methotrexate values 
measured 48 hours after drug administration are 1 /iM 
or higher, higher doses (100 mg/m*) of leucovorin must 
be given until tlie plasma concentration of methotrexate 
falls below the toxic threshold of 2 x 10^^ M (Stoller 
et aL 1977), With appropriate precautions, these sched- 
ules are relatively free of toxicity. It is imperative to main- 
tain the output of a large volume of alkaline urine, since 
methotrexate precipitates in the renal tubules in acidic 
urine. In the presence of malignant effusions, delayed 
clearance may cause severe toxicity. In patients who be^ 
come oliguric, isolated reports suggest thai continuous- 
flow hemodialysis can eliroitiaie methotrexate at a rate 
approximating 50% of the clearance rate in padcnts with 
inuct renal function (WaU et aU 1996), Methotrexate in 
high doses with leucovorin rescue has been studied clin- 
ically for many years with promising results in osteosar- 
coma, childhood leukemia, and non-Hodgkin's lymphoma, 
although the optimal timing and dose of leucovorin re- 
quired and the optimal schedule of methotrexate admin- 
istration remain to be established (Ackland and Schilsky, 
1987). 

Clinical Toxicities. As previously stated, the primary toxici- 
lics of meihou-cxate affcci the bone marrow and the intestinal 
epithelium. Such patients may be at riiik for spontaneous hem- 
orrhage or life-threatening infection* and they may rrquirc pro- 
phylactic transfusion of platelets and broad-specmim antibiotics 
if febrile. Side effects usually disappear within 2 weeks, but pro- 
longed suppression of the bone marrow may occur in patients 
with compromised renal function who have delayed excrecion 
or dfic drug. The dosage of methotrexate must be reduced in 
proportion to any reduction in creatinine clearance 

Additional loxicities of mcvhotrcxace include alopecia, der- 
maiiiis, interstitial pneumonitis, nephrotoxicity, defective oo- 
genesis or spermatogenesis, abortion, and leraiogcnesis. He- 
pniic dysfunction is usually reversible but sometimes IkhcIs to 
cirrhosis after long-term continuous treatment, as in patients 



with psoriasis. Iniraihecal administration of meihotrexwc often 
cmises rneningismus and an inflammatory rci-ponsc in ilic CSF. 
Seizures, coma, and deatli may occur rarely, Leucovorin does 
not reverse neuromxicity. 



PYRIMIDINE ANALOGS 

This class of agents encompasses a diverse and interesting 
group of drugs that have in common die capacity lo inhibit 
the biosynthesis of pytitnidine nucleotides or to mimic 
these natural metabolites to such an extent that the analogs 
interffsre with the synthesis or function af nucleic acids. 
Analogs of deoxycytidine and thymidine have been syn- 
thesized as inhibitors of DNA synthesis, and an analog of 
urncil, 5-fliirironracjL effectively inhihiw both RNA func- 
tion and/or processing and synthesis of thymidylate {see 
Figure 52-8), Drugs in this group have been employed 
in the treatment of diverse afflictions, including neopia*;- 
tic diseases, psoriasis* and iiifections caused by fungi and 
DNA-containing viruses. The pathways for oietabollc ac- 
tivation and degradation of these compounds during sys- 
temic administration present opportunities for the devel- 
opment of syneiiistic combination therapies with other 
clinically effecdve drugs. 

General Mechanism of Action. The besKbanicicfized agents 
in tlm class are. the balogcnated pyrimidines, a group thttl 
includes fluorouracil (S-fiuonauracil, or S^FV). fit^xuridm i> 
fluoro-r-deoxyuridinc^ or 5-FUdR), and idcmindmt' (5'iiidodc- 
oxyuridine; Chapter 50). If one compares the \m der waals 
mdii of the various 5-position subsilwcnts, the dimcnfiiun of me 
fluorine atom resembles that of hydrogen, wbercH.s the bromm^ 
and iodine atoms are larger and close in size tn rlie meUiyi 
group. Thus, idoxurldine behaves as an anolou of thyimdiuc. 
and its primary bioio?icul action results irom its pbospii«iryi&- 
tion and ultimate incorporation into DNA in phc:e of ihyiTiid)!- 
ate. In 5-FU, the smaller Huofinc ui position n mHows in^ 
molecule to mirnic urueil bittchemicaiJy. However, the nuaiinc- 
carbon bond is much tifihier thm thm of C-H and prcvc^I^ 
the methylation of the 5 position of 5.RJ by ^hyn^dylate syn- 
thase. Instead, in the presence of the pi^y^^i^^»«5l"'*\fll!"^^^ 
5J0-methylene tetnihy.hofolaie. the fluoiopyrimidine locks in;: 
6n2yrac in an inhibited state. Thus, subsiitmion of f "'^"^^ 
ijen a«)m of the correct dimensions can produce u m'^'^";: . 
that sufiicicndy resembles a nawral pyrimidme m interaa 
enzymes of pyrimldinc metaboUsm hui at the sam<: um. » 
lerfcres drastically with certain other itspccis of pynmj 

action. ^ , ..... -fne 

A number of 5-FU analogic have rcjichcd ih'- ^''"'.'T -i. 

most imponmu of these hcap^cUabin,^ f'^^''r'^''''?^rl?'',ain5r 
5'-dcoxv-5-fluoruc>ti(iinei. a di-ug with proven ^'^'"'^^ ^^.^n. 
colon and breasi CBnceir.. This orally administered • 
vcncd to 5'-deoxy-5.finoracyiidini? by curboxyksieru^^a .^^ 
in liver and oiher normal and moliffnani lissucs. rwrnit^^ ^^^^ 
ii is coiwcrtert lo 5*-doo\y-nuorodeo)tyuridinc by ^y*^^\"^^|ditie 
inasc. Tlic final step in its activaiion occun: when in. 
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FLUOROPYRIMIDINE ANALOGS 
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Figure 52-8, Structures of availabte pyrimidme (malogs. 



phosphorylasc cleavts off the 5'-deoxy sufiar, leaving inlraccl- 
luUr 5.FU. Tumois with elevated chymidinc pjjospborylase ac- 
tivity seem paiticiilarly susceptible to ihis drug flshiltftwa et aL 

Nucleotides in RNA and DNA contain nbose and 2 -deoxy- 
fibose. respecdvely. Among the varioDS modifications of the 
sugar moiety diat have been attempted, the replacement of the n- 
bose of cytidine with arabinosc has yielded a useful chemoihera- 
peuiic agent, cytarabine (AfaC). As may be seen in Figure 52-8, 
the hydroxyl group in this molecule is attached to the 2'-carbon 
in the ^. or upward, configuration, as compared with the or. or 
downward, position of the 2'-hydroxyl in ribosc. l\\t arabinosc 
analog is recognized eDzymatitaily as a 2'-deoxyribosidc; it is 
phospborylatcd to a nucleoside triphosphate that competes with 
dCTP for incorporation into DNA (Chabncr oL, 2001). v^lierc 
it blocks elongation of the DNA strand and its template function. 

Two other cyudine analogs have received extensive clinical 
evaluation. S-Azacytidme, an inhibhor of DNA mcihylation as 
well as a cyddine andmctaboliic» becomes incorporated predom- 
inunUy into RNA and has antileukemic as well as differentiat- 
ing eciions in vitro. A newer analog. 2'.2'-dilluorodcoxycyiidine 
{gemcitabine), becomes incorporated imo DNA and inhibits the 
elongation of nascent DNA strands {.see Figure 52-fi). It has 



promising activity in various human solid tumois, includin 
pancreatic, lung, and ovarian cancer. 



Fluorouradl and Floxuritliiii! 
iFlaoroUeoxyuridinu) 

Mechanism of Action. S-Pli nsquirc'v enr-ymalic ccmver-sion 
10 the nucleotide (ribosylaiion and phosphorylation) in or^lcf 
to exert its cyioioxic activity (Figure %'l-9l Scs'eral routes an: 
available for the formadon of the 5'-rnonophosphme nucleotide 
(F-UMPJ in animal cells. 5-FlJ may be convened to flun- 
rouridine by uridine phosphnrylase and then m F-UNIP by 
uridine kinase, or it may react directly wiih S-phosphorihiisyl- 
l-pyrciphospbattf (PR1»P)» in a reaction caialyzcd by die en- 
zyme orotatc phosphoribosyl transferase, to form F-UMP. Miiny 
metabolic pathways are available 10 F-UMP. including incor- 
poration into RNA. A reacUon sequence crucial for uiiuncn- 
plasiic activity involves reduciion of the diphosphate niicleolide 
by the enxymc ribonucleotide diphosphaus reduciasc 10 tht rtc- 
oxynucleotide level and ihf? evcniual fomjauon of 5-fluoro-2'' 
deoxyuridine-5'-phosphaic (F^dUMPi. 5-FU also may be con- 
verted dirrcdy to the dcoxyrihoside 5*FUdR by the enzyme 
thymidine phosphor) lasc and further to F-dUMP. a potent 
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SECTION I\ CHEMOTHERAPY OF NEOPLASTIC ULSEaSES 



Dihydro 5-FU 
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FUMP 




(PRPP) g 
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thymidylate 
synthase 



FUdR-*-^FdUMF 



^FUDP 



FUTP 



BNA 



1 uridine phosphorylase 

2 thymidine phosphorylase 

3 phosphoribosyi transferase 

4 thymidine kinase 

5 uridine kinase 

6 ribonudeotida reductase 

7 dihydropyrimldlne dohydfogenase 

8 thymidylate synthase 



FdUDP — ^*-FdUTP- 



DNA 



Fif^urc 5^"'0. Activntifirt pathways for H-fltinrovracil (S-fU) mtf 5-floi-wrjrfi«c (FUR), 

FUDP, floxuiidinc diphosphate; FUMP, floxoridine uionopliospbaie: FUTP. floxuridinc rriphos- 
phacei VudR. fluorodeoxyuridine: FdliPP. fluorodfioxyuridinc diphosphaifi; FdUMP, fluorodeoxyuriditic 
monophosphate; FdUTP, fluorodco^yuridinc triphosphate: PRPP. S-phosphorihosyM -pyrophosphate. 



inhibitor of thymidylate synthesis, by thymidine kinase. This 
complex metabolic pathway for the generation of F-dUMP may 
be bypassed through use of the deoxyribonticleoside of fluaro- 
uracil — floxuiidine (fluorodeoxyuridinc, FUdR)— which is con- 
verted directly to F^dUMP by thymidine kinase. 

The interaction between F-dUMP and the enzyme titymidyl- 
aic syndiasc leads to deletion of TTP, a necessary coostitueni of 
DNA (Figure 52-10). The folate cofactor, 5.10-n\ethyknctetra- 
hydrofolarc, and F-dUMP form a covalently bound ternary com* 
plex with the enzyme. This inhibitory complex resembles the 
transitiOT) state formed duriPg the normal enzymatic reaction 
when dUMP is convened to thymidylate. Although the physio- 



dUMP . TMP 



thymidylate 
synthase 



N5-i0methylene FH^GlUn 
FH4GIUn 



TTP 



Other Actions of 5-FU nucleotides: 
• Inhibition of RNA processing 
' Incorporation Into DNA 



Figure 52''20. Site of action of S'fluorO'2'-tieoxyuridine'5'' 
phosphate ($-FdUMP). 

5-FU, S-fluorouracil: dUMP, dcoxyuridinc moDophos- 
phaie: TMP. thymidine monophosphate; TTP. thymidine 
triphosphate; FdUMP, fluorodcoxyuridinc monophos- 
phate; FHjGIUfl. dihydrofolflte poiygluiaiiiiiU:; FHjGliin* 
leirQhydmfolaie polygluiamatc 



logical complex progresses to the synthesiii of thymidylate by 
transfer of the methylene group and.two hydrogen atoms from 
folate to dUMP, this reaction is blocked in the inlubitory com- 
plex by the stability of die fluorine caibon bond on F-dUMl'; 
sustained inhibition of the enxymc results (Sand et oL 1974). 

5-FU also is incorporaifid inio both RNA and DNA. In 
5-FU-tr?ated cells, boih F-dUTP and dUTP (the subsU'aic thnt 
accumulates behind Ihc blocked ihymidylate synthase re&cuon) 
incorporate into ONA in place of die depleted physiological 
'JTTP. The significance of the incorporation of F-dUTP and dUlIP 
into DNA is unclear (Canman et uL 1993). Presumably, llie 
incorpomdon of deoxyuridylatc und/or Quorodeoxyuridylatt: int*' 
DNA would call imo acuon ihe excision-repair process, 'inis 
process may result in DNA sirand breakage hficau.se DNA repair 
requires TTP, but this nubsiraie is lacking us a resuK of thyniuly I- 
ate syndiasc inhibition (Maurt>^f; aL, 1993). 5'FtJ incoiporiuioh 
into RNA also causes toxicity as the result of mtti<^r rficci.-; »>n 
both dte processing and funcutHW of RNA fAnnsirunu., l9Si^; 
Danenberg et aL i£>90). . 

A numlser of hiocUemicii] mechanisms have been idenii- 
lied that are ussociaicd with resistance to the cyunoxic em^t* 
of 5-FU or fioxuridine. llKsc mechanisms include Uws oi 
creased ajitiviiy of the cn/.ymes necessary lor acU^auon of >rtJ| 
decreased pyrimidine monophf)$phaut kinase (which du^creas^s 
incorporation into RNA)» ampliticaiion of thymidylate synthus^ 
(Washtcin. 1982). and altered thymidylat.:* syndiii-^c thai is m 
inhibiteil by F^UMP (Barbour et aL 199(U. Both expcriinenuT^^ 
smdics and clinical trials support the position thai the rc.->poii-«- 
to 5-FU corrclaie.'i significantly with l«w levels of 
tive enzymes, dibydrounicil dchydrogrnase and thymidine pn ^ 
phorylasc, and a low level of expression of the turner en/ym^- 
thymidylate syndiasc (vyn Tricsi e{ nl.. 2{)00j. Rcccm 
tions have denionsiraced chiii the level of ihynndylatc ^y}"^^' 
is finely controlled by an auioreguiaiory feedback j"^,^. 
wherein the thymidylate synihasc protein inrenicis wich ^""J^^ 
irols the iranslational efficiency of its own "^^-'^^'^^^^p* /jVyci 
This mechanism provides fnr the rapid modulation of * l^^^ 
of thymidylate syntha.^e ivwessary for cellular division and 
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Tabie 52-2 

Modulators of Cytotoxic Activity 
of S'Fluo rouracil (S-FU) , 

Cisplatin 

Interferon 

Leucovorin 
Methotrexate 

PALA' 

Uridine 



Enhanced DNA sifand breaks 
secondary to decreased repair 
Enhanced thyniidyiatc synthase inhibition 

Enhanced 5-FU anaboUsm 
Decreased **rebountf ' synthesis of 

thymidylaie synthase 
Enhanced thymidylate synthase inliibition 

Enhanced 5-FU anaboUsm 
Enhanced RNA incorporation 

Enhanced 5-FU anabolism 
iinhancad RNA incoiporalion 
Diminished RNA incorporation 
(? selective rescue for normal cells) 



'PALA. ^-phgsphondacctyl-U-aspaftati 

mav be an important mechanism by which maUgnaot cells be- 

rlm»!v comoie* with thymWytew synthase. Addmon of exoge- 

„^^<^iSoSthe ccmp4 in both 
caU^racnts and has enhanced response » 5-FU dmi«^ 
"als (Ullman e, cl. 1978; Grogan « ■ »^^J:.^thS 
inadequate ininicellulai folate pooh it is °« 
if any) of the other mechanisms is associated wiAcbnical 
^iiZce to 5.FU «nd its dehv«iv« ^rem '^f^'^^^. 
In addition to leucovorin. a ttutnber <>[°*« .^'f" 

been combined with S-FU it. """^^l,'" iS%«nnonE 
activitv throuiih biochemiod modulation. Thes* agenb. along 
wXlf P«po«=d mechanistns of intcn«ct.on. are shown .n 
Table 5"-2 The mosi clinically interesting combmauons w m 

all of Ch are currently under investiijation to deftne theu: uU,- 
cti^ Slcs. AgeL that inhibit early ^S™ ) 

biosynthesis. Rich as PALA (^-P^of ►'""'''^"y^j'-rS fcin" 
inhibitor of aspttrtate ttanscarbamylit«. Pf'^f . 
icraction with 5-FU in experimental ^''y'Xm «T iSs). 
binations have no proven chn.cal value .f^^ .7^^ 
Methotrexate, by inhibiting purine '^^^^^^^J'^^'^t 
lular pools of PRPP. enhances activauon of 5-FU Wd in 
crease^mitumor activity of 5-FU when S'^.^n^f orcSa^J 
following 5-FU. m dimcol trials, the ~nibmauon of c..plann 

and 5.FU has yielded impressive -^^P""**! 'l^^iVintJ' 
upper wrodisesrive tract, but the molecular basis of th-ir inter 
action is not well understood (Grein. 200i). 

Absorption. Fate, and ExcrcUon. 5-FU «;!'"„';^^^^^^ 
administered pat«nterally. since absoipiion after uigesnon 



^ dnigs is unpredictable '^ftS^^ 

S^olAsues. inherited -^f-f °[ ^jriS^^;^ 

tf/fl/., 1999). inc rare .^^;^itv follcwine convcnuanal 

„.y experience P« J^^J^^ cither by cn- 

doses of the drug. DFD deficiency ^ 
ty„atie or molecular a-W/m^^^^^^^^^ 7^ metabolite, 
or by dctcrmimnu the plasma ratio or p rw 
"fluoro-5.6.dihydrouracil. ^^'^^ « ^ Tw) 
fluoro-^-alanine (Heidelbergcr 19 5. ^»%7^J^i,,„.a 

Rapid i"«'-7;,«{'sS r.!a^ '^P''* 

Joel not have to be modiheU in pime.ti. ^^'''i^il"'; ! ; 

ptSnably because of ''^^PI^J-" .f/^^,^^^^^^^^ S 

hepatic sites or by vast " | oi-". S-F^ 

by coniinuous intravenous nfuuou lor ^-t lo • 

Jwcves plasma ™« ^^^^^^^^ 
5.FU readily cntcis «^%CSF and co™,«^^^^^^ ^^^^ 

0.01 iM ore sustained foe up to n™" 

tional doses (Grem. 2001). viuldinE hidi plasma 

Capccitabinc is well absorbed «»rally. yiLiaiiig wy i 

concent alns of 5'-<lcoxy-fluorode'>xyur.^^ 
disappear. With a half-li e of ab^^^^^ 

than 10% of those of 5 -f'^"^ J^f " ^,^0 and 5-FU, but 

conversion of the P'^»'^'"^^,SX frS^^ al. 1999). 
■ there is no coosisiem enect on loxiwiy viws' 

TheraoeuUc Uses. S-FluonmracU. AccuiBulaicd ex- 
See wi* 5.F11 (APRuaU indicates lhat the. dtug pro- 
E paSl response in 10% to 20% ot pattern, w th 
metastatic carcinomas of the brcaivt '^^^J^ f'' ^ ■ 
nal tract- beneficJal cRecis also have been rcpoitca in 
ctinoi of ilic ovary, cervix, urinary bhuUler. prostate, 
nancrets and oropharyngeal areas. For av^ragcrisk pa- 
Sen sUi' good nuLonul stmus with adequate hcnato^ 
Sic ftfnctifm the weelcly dosage vegitiicn employs 
?rm«/m" one or 500 to 600 with leucovorm 
once each >veelc for 6 of 8 weeks. DUter ivg.mens use 
once e»cn , repcitwl Ui iTioittllly 

dai y dose.s of 500 ms/m wi :> oay- . ^ ,.f s r-U 

cvclV: When ascd widi Icucovnrin. daily doses of i-F U 
rnu bt^^duccd to 375 to 423 mg/nr for 5 dayi h.cau c 
rmucolitis and diaithea. U also has been given a.s a con- 
ISs infusion for up to 21 day. m,/n. PJ^ ;y ; 
or as a biweekly 48-lioor comii^uous mlusion (d^ Orumoni 

%tJmeiFVm. BJCR (fl-codcoxytuitiinc: nu.>^^^ 
uSed pritnarily by continuous infusion ' - '^^^^^^^^^^ 
artery for trcotmeni of mcta.«a.ic carcinoma of .lu- colon 
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or following resecdon of hepatic metastases (Kemeny 
et al, 1999): the response rate lo such infusion is 40% to 
50%. or doable that observed with intravenous administra- 
tion. Intrahepatic arterial infusion for 14 to 21 days may 
be used with minimal systemic toxicity. However, there is 
a significant risk of biliary sclerosis if this route is used 
for multiple cycles of therapy (Kemeny ei al, 1987; Hohn 
et ai, 1986). Continuous infusion of floxuridine into the 
artexial blood supply of tumors at other sites* such as in 
the head and neck region, may provide beneficial clinical 
effects. With any of these regimens, treatment should be 
discontinued at the earliest manifestation of toxicity (usu^ 
aUy stomatitis or dianhea) because the maximal effects 
of bone marrow suppression and gut toxicity will not be 
cvidcni until days 7 to H. 

CapecUabine (xeloda)* Capecitabine is approved by Che 
United States Food and Dmg Administration (FDA) for 
the treatment of metastatic breast cancer in patients who 
have not responded to a regimen of paclitaxel and an an- 
ihracycline antibiotic (see below). The recommended do$c 
is 2500 mg/m^ daily, given orally in two divided doses 
with food» for 2 weeks followed by a rest period of 1 
week. This cycle is then repeated two more times. 

Combination Therapy. Higher response rates are seen 
when 5-FU is used in combination with other agents, such 
as cyclophosphamide and methotrexate {breast cancer), 
cisplatin {head and neck cancer), and with leucovorin in 
colon cancer (see Table 52-2). The use of 5-FU in com- 
bination regimens has improved survival in the adjuvant 
u-eaiment for breast cancer {Early Breast Cancer Trialists 
Collaborative Group, 1988) and. with leucovorin* for colo- 
rectal cancer (Wolmark et al., 1993). 5-FU is a potent ra- 
diation sensitizer and is being used with concurrent radio- 
therapy for primary therapy of locally advanced ttimors 
of the head and neck, esophagus, lung, and rectum. 5-FU 
is used widely with very favorable results for the topical 
ureatment of premalignant keratoses of the skin and mul- 
tiple superficial basal cell carcinomas. It also is effective 
in severe recalcitrant psoriasis (Alper et aL 19S5). 

Clinical Toxicities. The clinical manifesiaiions of toxicity 
caused by 5-FU and floxuridine air similar and may be difficult 
lu anticipald because of their delayed appearance. The earli- 
est untoward symptcints during a course of therapy are anorexia 
and nausea; these are followed by su>inacids and diarrhea, which 
constitute reliable warning signs that a sufficient dose has been 
administered. Mucosal ulcerations occur throughout the gas* 
troiniesiinal tract and n\ay lead to fulminant diarrhea, shock, 
and death, particularly in patients w))o are receiving continuous 
infusions of 5-FU or in those receiving 5-FU with leucovorin. 
The major toxic effcci*; of bnlus-dosc regimens nssuh from the 
myclofiupprcssive action of these drugs. The nadir of leukopenia 



is usually between days 9 and 14 after the firfit injection of drug. 
Thrombocytopenia wid anemia also may occur. Loss pf hair, oc> 
casionally progressing to total alopecia, nail changes, dermatilis, 
and increased pigmentation and atrophy of the skin may be en- 
countered, Neurological manifestations, including an acute cere- 
bellar syndrome, have been reported, and myelopathy has been 
observed after the inrrftchecal adininlstmiion of 5-FU. Cordtac 
toxicity, particularly acute chest patn with evidence of ischemia 
in the elcctwconiiogrftjT^ also may occur. The low therapeutic 
indices of these agents emphasize iha need for very skillful 
supervision by physicians familiar with the action of the fluo- 
rinalcd pyrimidines and the possible hazards of chemotherapy. 

Capecitabine causes much the same spectrum of loxiciiicii 
as 5-FU (diarrhea* myelosuppression). but alsci a prugfcssivc 
hand'foot syndrOfne consisting of eryil^iima. desquamation^ puin, 
and sensiriviiy to touch of the palms nnd soles. 



Cytarabine (C>1:osine 
Arabinosidc; AraC) 

Cytarabinc (l-/g-P'arabinQturaiiosjylcytosijte; AraC) is the 
most important antimetabolite uaed in the therapy of acute 
myelocytic leukemia. It is tlie single njosi effective agent 
for induction of remission in this disease (for review, see 
GarciaOarboncro et aL> 2001). 

Mechanism of Action. This compound is an analog of X- 
dcoxycytidine with ihc ^'-hydroxy! in a posidori trans u> the 3'- 
hydroxyl of the sugar, as showti ip Figure 52-^. The 2'-hydroxyl 
causes stcric hindrance to the roiaUon of the pyrimidinc base 
around the nucleosidic bond. The biises of polyarabinonudco- 
tides cannot stack normally, as do the bases of polydcoxynu 
cteotides. 

AraC penetrates cells by a caivier-medmicci pruce.<is shared 
by physiological nucleosides. As with most purine and pyriuil- 
dine antimetabolites, cyiarabine must be -activated" by conver- 
sion ro die 5'-monophosphau: nucleoddc (AraCMP). n rc«cii"n 
catalyzed by deoxycyiidine kinuse. AraCMP cuii ihc.n react wuh 
appropriate nucleotide kinases to form the diphosphate antl 
iriphosphata nuckoddcs (AraCDP and AmCfP). An»C com- 
petes with the physiological substmie dcoxycytidinc S'-triphoy 
phate (dCTP) for incorporation into DNA by DNA polymerases. 
The iflcorporared AraCMF re.stdue is a potent inhibitor of t^NA 
polymerase. The ettects of AraC on DNA polymerabe uciiviiy 
extend not only to DNA chain ckmgalioo during iieiTiic<iiiscr 
vative DNA replication, bui Hi.<;o to DNA rtpair. Thcrir « -3 
significanl relaiioniihii) between inhibition of DNA /y^tljjj^*!* 
and the total amount ot AraC incorporated iiuo DNA. 
incorporation of about five molecules of AraC per lU Iwics o 
DNA decreases cellular clonoiscnicity by abfiui 50%. 

AniC also causes an unusual reiteration of DNA f:epni«i" ' 
thu!j increasing the possibility of u'comhinfliion. 
gene amplification. In addilii)n. AraC is converted 'n^rrjccliu an^ 
to AraCDP'chulioe. an analoj; of the physiological CDl''-v;»;«' j 
which inhibits Uie synthesis of nicmhjane fitlycoproicuVH . 
glycoliplds. Hurihcnnorc. AraCMP inhibits the cransfet oi^h^^ 
Incinnc, A/-acr.iylglucosamiiiL'. and sialic ncid to ^^'j'^lwji. 
glycoproteins, and AraCTl' inuibiis ihc syndics):; oi 



